Sclafani A, Zukerman S, Ackroff K. GPR40 and GPR120 fatty acid sensors are critical for postoral but not oral mediation of fat preferences in the mouse. Am J Physiol Regul Integr Comp Physiol 305: R1490 -R1497, 2013. First published October 23, 2013 doi:10.1152/ajpregu.00440.2013.-In addition to orosensory signals, postoral actions of fat stimulate appetite and condition flavor preferences, but the gut sensors mediating these responses are unknown. Here, we investigated the role of the fatty acid sensors GPR40 and GPR120 in postoral and oral preferences for a soybean oil emulsion (Intralipid). Mice were trained to drink a flavored solution (CSϩ) paired with intragastric (IG) oil infusions and another flavored solution (CSϪ) paired with water infusions. Knockout (KO) mice missing GPR40 or GPR120 sensors increased their CSϩ intake in one-bottle tests (1 h/day) but less so than wild-type (WT) mice. The KO mice also preferred the CSϩ to CSϪ in a two-bottle test, but the preference was attenuated in GPR40 KO mice. Double-knockout (DoKO) mice missing both GPR40 and GPR120 displayed attenuated stimulation of CSϩ intake and only a marginal CSϩ preference. The DoKO mice developed a more substantial CSϩ preference when tested 24 h/day, although weaker than that of WT mice. The DoKO mice also consumed less of the CSϩ paired with IG Intralipid, as well as less Intralipid in oral tests. However, DoKO mice, like GPR40 KO and GPR120 KO mice did not differ from WT mice in their preference for Intralipid over water at 0.001%-20% concentrations. In contrast to prior results obtained with mice missing the CD36 fatty acid sensor, these findings indicate that, together, GPR40 and GPR120 play a critical role in the postoral stimulation of appetite by fat but are not essential for oral fat preferences.
and inhibits the release of the feeding-stimulatory gut hormone ghrelin (3, 19) . Consequently, deletion of gut fatty acid sensors would be expected to reduce the satiating response to fat, and this has been documented in CD36 KO mice (27, 28) .
In addition to satiation effects, dietary fat in the gut can also stimulate intake and condition flavor preferences via a process that we refer to as appetition (29, 30) . For example, ad libitum-fed mice trained (24 h/day) to drink different flavored noncaloric saccharin solutions (e.g., grape or cherry) consumed significantly more of a flavor (conditioned stimulus, CSϩ) that was paired with intragastric (IG) self-infusions of Intralipid than of a CSϪ flavor that was paired with IG water infusions (31, 33) . In a subsequent choice test, the mice displayed strong (Ͼ90%) preferences for the CSϩ over the CSϪ. Thus, in the absence of a fatty taste in the mouth, animals can learn to select a fat-rich food based on the postoral actions of the nutrient. The postoral appetition effects of fat can be quite rapid: foodrestricted mice tested 1 h/day increased their intake of a CSϩ solution paired with IG Intralipid infusion within 15 min in the first test session (37) . This rapid stimulation of intake suggests the involvement of gut fatty acid sensors in fat appetition, but the identity of the sensors involved is unknown. CD36 is not required, however, because CD36 KO mice are similar to wild-type (WT) mice in showing increased intake of and preference for a CSϩ solution paired with IG Intralipid selfinfusions (31) . Here, we investigated the role of GPR40 and GPR120 fatty acid sensors in postoral fat appetition using single KO and double KO (DoKO) mice and an IG conditioning protocol (37) . We also measured the orally mediated fat preferences of GPR40 KO, GPR120 KO, and DoKO mice in 24-h Intralipid vs. water tests.
EXPERIMENT 1: POSTORAL FAT APPETITION IN GPR40 KO AND GPR120 KO MICE
This experiment compared the conditioning response of GPR40 KO, GPR120 KO, and WT mice to IG fat infusions. The 1-h test protocol was similar to that used in our recent studies of glucose and fat appetition in B6 mice (37, 39) .
Materials and Methods
Animals. Adult GPR40 KO mice (9 male, 10 female) and GPR120 KO mice (8 male, 9 female) on a C57BL/6J background, as previously described (6) and C57BL/6J wild-type (WT) mice (14 male, 11 female), were used. The mice were 10 wk old, and the three groups had similar mean body weights (24.3, 23.3, 23.8 g) . They were singly housed in plastic tub cages kept in a room maintained at 22°C with a 12:12-h light-dark cycle and ad libitum access to chow (LabDiet 5001; PMI Nutrition International, Brentwood, MO) and water. During testing, they were maintained at 85-90% of their ad libitum body weight by feeding them fixed-size chow pellets (0.5 or 1 g, Bio-Serv, Frenchtown, NJ), which allowed for precise adjustment of daily food rations. Experimental protocols were approved by the Institutional Animal Care and Use Committee at Brooklyn College and were performed in accordance with the National Institutes of Health Guidelines for the Care and Use of Laboratory Animals.
Surgery. Mice were fitted with IG catheters (0.84 mm OD ϫ 0.36 mm ID, Micro-Renathane tubing, MRE-033; Braintree Scientific, Braintree, MA) while anesthetized with isoflurane (2%) inhalation, as previously described (32) . About 10 days after surgery, the mice were briefly (5 min) anesthetized with isoflurane, and the tubing was attached to the gastric catheter and then passed through an infusion harness with a spring tether (CIH62; Instech Laboratories, Plymouth Meeting, PA). The tubing and spring were then attached to an infusion swivel mounted on a counterbalanced lever (Instech Laboratories). The body weight of each mouse was measured before and after it was fitted with the infusion tether/swivel system; daily body weights were monitored by weighing the mouse with the attached infusion tether/ swivel system. Each animal was then returned to a tub cage, and the swivel counterbalanced lever was attached above the cage.
Apparatus. IG infusion tests were conducted in plastic test cages (32) . The sipper spouts were interfaced via electronic lickometers (Med Electronics, St. Albans, VT) to a computer, which operated a syringe pump (A-99; Razel Scientific, Stamford, CT) that infused liquid into the gastric catheters as the animals licked. The pump rate was nominally 0.5 ml/min, but the animal controlled the overall infusion rate and volume by its licking response. In particular, the computer accumulated licks during 3-s bins and activated the pump for 3 s when a criterion number of licks was recorded. The oral-toinfusion intake ratio was maintained at ϳ1:1 by adjusting the lick criterion for each mouse. Daily oral fluid intakes were measured to the nearest 0.1 g, and IG infusions were recorded to the nearest 0.1 ml and expressed as grams.
Test solutions. The CS solutions contained 0.025% sodium saccharin (Sigma Chemical, St. Louis, MO) flavored with 0.02% ethyl acetate or propyl acetate (Sigma). The CSϪ solution was paired with IG infusion of water, while the CSϩ solution was paired with IG infusion of 6.4% Intralipid prepared by diluting 20% Intralipid (soybean oil emulsion; Baxter, Deerfield, IL) with water (37) . For about half of the animals in each group the CSϪ solution contained ethyl acetate, and the CSϩ solution contained propyl acetate; the flavors were reversed for the remaining animals.
Procedure. The mice were trained (1 h/day) in the test cages for two sessions with unflavored 0.025% saccharin solution, while waterdeprived and then for four sessions while food-restricted; saccharin intakes were paired with matched-volume infusions of water. The mice were then given three 1 h/day test sessions with the CSϪ solution paired with IG water infusions followed by three sessions with the CSϩ solution paired with IG infusions of Intralipid. The mice were then given two alternating sessions each with the CSϪ/IG water (days 1 and 3) and the CSϩ/IG Intralipid (days 2 and 4). In the last of each CSϪ and CSϩ session, a second sipper tube containing water, not paired with IG infusions, was available to familiarize the mice to the presence of two sipper tubes in the subsequent two-bottle test. The two-bottle test with the CSϩ and CSϪ solutions no longer paired with IG infusions was conducted over four 1 h/day sessions. The position of the CSϩ and CSϪ bottles alternated daily during two-bottle testing.
Data analysis. CSϪ licks and total intakes (oral ϩ IG infusate) during the last two 1 h/day sessions were averaged. The data from these two sessions, referred to as test 0, and the licks and intakes during the three CSϩ sessions (tests 1-3) were analyzed using a mixed-model ANOVA with a group factor (GPR40, GPR120, WT groups) and repeated-measures factor (tests 0 -3). The mean CSϪ and CSϩ licks during the two alternating one-bottle sessions and the four two-bottle tests were compared in separate ANOVAs. Additional analyses are described in the results. A preliminary analysis revealed only one substantial sex difference (see results), and, therefore, the data for male and female mice were combined.
Results
Analysis of the one-bottle tests (Fig. 1A) did the KO groups in these sessions, but this difference was marginally significant (P ϭ 0.065).
In the two-bottle CSϩ vs. CSϪ choice test (Fig. 1B) conducted without IG infusions, all three groups licked more for the CSϩ than CSϪ [F(1,58) ϭ 164.7, P Ͻ 0.0001]. However, the WT and GPR120 KO groups licked more (P Ͻ 0.05) for the CSϩ than did the GPR40 KO group; the groups did not differ in their CSϪ licks: group ϫ CS interaction [F(2,58) ϭ 7.2, P Ͻ 0.01]. A similar pattern of results was obtained in the analysis of two-bottle intake data. The groups also differed in their percent CSϩ licks [F(2,58) ϭ 4.1, P Ͻ 0.05]. The WT and GPR120 KO groups displayed higher CSϩ preferences than did the GPR40 KO group (84% vs. 80% vs. 72%, respectively).
EXPERIMENT 2: POSTORAL FAT APPETITION IN GPR40/120 DOKO MICE
The first experiment revealed that both GPR40 and GPR120 KO groups displayed reduced fat stimulation of CSϩ drinking and the GPR40 KO also had an attenuated CSϩ preference. The present experiment determined whether deleting both GPR40 and GPR120 fatty acid sensors in the same mouse would produce a greater suppression in fat-induced appetition.
Materials and Methods
The DoKO mice were generated by cross breeding the GPR40 and GPR120 mice. An initial experiment was conducted with DoKO mice (9 male, 8 female) and WT controls (5 male, 4 female). The animals were tested as in experiment 1. The data revealed a significant sex difference in the DoKO mice with the female but not male mice showing a CSϩ preference (70% vs. 52%). (There were two outlier female DoKO mice with 98% CSϩ preferences; the mean CSϩ preference of the remaining female DoKO mice was 61%). This was unexpected given the lack of sex differences in the CSϩ preferences observed in experiment 1. Therefore, we tested a second cohort of DoKO mice (11 male, 7 female), along with additional WT controls (3 male, 2 female). In this cohort, the female and male DoKO mice differed only slightly in their CSϩ preference (58% vs. 54%). The genotype status of all DoKO mice was confirmed by real-time PCR of ear biopsies (Transnetyx, Cordova, TN). Therefore, the data from all the animals (DoKO, n ϭ 35; WT, n ϭ 14) were included in the final analysis. The body weights of the DoKO and WT mice at the start of the experiment did not significantly differ (23.5 and 22.0 g, respectively). Figure 2A shows that the GPR40/120 DoKO and WT groups increased their 1-h licks when switched from the CSϪ in test 0 to the CSϩ in tests 1-3 [F(3,141) ϭ 60.3, P Ͻ 0.0001]. However, while the groups did not differ in tests 0 and 1, the WT mice licked (P Ͻ 0.01) more for the CSϩ in tests 2 and 3 than did the DoKO mice [group ϫ test interaction, F(3,141) ϭ 7.7, P Ͻ 0.001]. The corresponding 1-h intake data showed that both groups increased their CS intakes from CSϪ test 0 to CSϩ test 3 (DoKO: 1.9 to 2.7; WT: 1.9 to 3.5 g/h) but that the WT mice consumed more (P Ͻ 0.05) in CSϩ tests 2 and 3 than did the DoKO mice [group ϫ test interaction, F (3, 141) In the two-bottle CSϩ vs. CSϪ choice test (Fig. 2B ) the WT mice licked considerably more (P Ͻ 0.001) for the CSϩ than CSϪ, whereas the difference for the DoKO mice was only marginally significant [P ϭ 0.053; group ϫ CS interaction, F(1,47) ϭ 30.3, P Ͻ 0.001]. In addition, the WT mice licked more (P Ͻ 0.001) for the CSϩ and somewhat less (P Ͻ 0.06) for the CSϪ than did the DoKO mice. Similar results were obtained in the analysis of two-bottle intake data. The WT mice also displayed a greater preference for the CSϩ than did the DoKO mice [81% vs. 58%, t(47) ϭ 5.1, P Ͻ 0.001].
Results
An analysis of tests 0 -3 one-bottle data for sex effects revealed only a sex ϫ test interaction [F(3,135) ϭ 5.4, P Ͻ 0.01], which was due to the female mice licking less than males in CSϪ test 0; there were no sex differences in CSϩ tests 1-3. There were no significant sex differences in CSϩ vs. CSϪ licks in the two-bottle tests. Overall, the sexes differed in percent CSϩ preference: the male mice displayed a weaker CSϩ preference than the female mice [61% vs. 71%, F(1,45) ϭ 5.1, P Ͻ 0.05]. This difference was greater for the DoKO mice (54% vs. 65%) than for the WT mice (78% vs. 86%) but the group ϫ sex interaction was not significant.
EXPERIMENT 3: POSTORAL FAT APPETITION IN GPR40/120 DOKO MICE IN 24 H/DAY TESTS
The second experiment revealed a substantial deficit in postoral fat appetition in GPR40/120 DoKO mice. Experiment 3A determined whether extending the training and test sessions to 24 h/day would enhance fat conditioning in the DoKO mice. This seemed possible because in prior studies, we observed stronger fat-and sugar-conditioned preferences in rats tested in long (20 -24 h) rather than short (10 -30 min) daily sessions (1, 20) . It was also of interest to compare the conditioning response of GPR40/140 DoKO mice to that of CD36 KO mice tested in 24-h sessions (31) . In experiment 3B we conducted 24-h Intralipid vs. water choice tests to determine whether DoKO mice are deficient in their oral fat preference compared with WT mice.
Materials and Methods
Experiment 3A. At the end of experiment 2, the GPR40/120 DoKO (n ϭ 17) and WT (n ϭ 9) mice from the first cohort were given ad libitum access to food and water for 3 days, while housed in the infusion test cages. They were then trained 24 h/day with a new CSϪ flavor paired with IG self-infusions of water (days 1, 3, and 5) and a new CSϩ flavor paired with IG self-infusions of 6.4% Intralipid (days 2, 4, and 6). The CS solutions contained 0.2% saccharin and were flavored with 0.05% cherry or grape Kool-Aid flavor mix (General Foods, White Plains, NY). For half of the animals, cherry was the CSϩ and grape the CSϪ flavor; the flavors were reversed for the remaining animals. The mice were then given a water-only day followed by two-bottle tests with the CSϩ vs. CSϪ. For 2 days, the CSϩ and CSϪ solutions were paired with IG Intralipid and water infusions, respectively (reinforced test), and for the next 2 days, both solutions were paired with water infusions (nonreinforced test). Each gastric catheter was attached to two infusion pumps using a Y-connector during the two-bottle tests. Throughout training and testing, the CS solutions were available ad libitum 23 h/day; the infusion equipment was serviced during the remaining 1 h/day. Chow was available ad libitum throughout the experiment.
Total (oral ϩ infused) intakes were averaged over the three training days and 2 days of each two-bottle test and evaluated in separate ANOVAs. The drinking patterns during the last two CSϩ and CSϪ training days were determined by analyzing the lick data, with a drinking bout defined as a period of drinking containing at least 30 licks and lick pauses no greater than 5 min (11a, 33a) .
Experiment 3B. The mice from experiment 3A were transferred to standard tub cages with a top modified for two-bottle tests. After 6 days with ad libitum food and two water bottles, the mice were given two-bottle choice tests with 3.2% Intralipid vs. water (2 days) and then 6.4% Intralipid vs. water (2 days). The position of the Intralipid and water bottles alternated daily. These concentrations were selected because in the IG experiments, the infused 6.4% Intralipid was diluted to 3.2% in the stomach by the consumed CSϩ solution.
Results
Experiment 3A. Prior to training the DoKO and WT groups consumed similar amounts of water (oral ϩ IG; 8.1 vs. 8.0 g/day) and increased their fluid intakes substantially when given one-bottle access to the saccharin-sweetened CS solutions (Fig. 3) . The two groups consumed comparable amounts of CSϪ, but the WT mice consumed more CSϩ (P Ͻ 0.01) than the DoKO mice [group ϫ CS interaction, F(1,24) ϭ 16.5, P Ͻ 0.001]. In addition, one-bottle CSϩ and CSϪ intakes did not differ in DoKO mice, whereas the WT mice consumed more (P Ͻ 0.01) CSϩ than CSϪ. The drinking pattern analysis revealed that for the WT mice, CSϩ bout size and number exceeded those of the CSϪ (size: 400.2 vs. 282.9 licks/bout, P Ͻ 0.001; 47.7 vs. 42.6 bouts/day, P Ͻ 0.05). In contrast, for the DoKO mice CSϩ and CSϪ bout size and number did not significantly differ (306.4 vs. 262.5 licks/bout, 41.4 vs. 43.1 bouts/day). Also, WT mice took more and larger CSϩ bouts (P Ͻ 0.05) than did the DoKO mice, whereas the two groups did not differ in their CSϪ bout patterns [bout number, group ϫ CS interaction, F(1,24) ϭ 8.2, P Ͻ 0.01; bout size, group ϫ CS interaction, F(1,24) ϭ 6.2, P Ͻ 0.05].
In the two-bottle tests, overall, both groups consumed more CSϩ than CSϪ [F(1,24) ϭ 80.8, P Ͻ 0.001], and intakes did not differ in the reinforced vs. nonreinforced tests. However, the WT mice consumed more CSϩ and less CSϪ than did the DoKO mice [group ϫ CS interaction, F(1,24) ϭ 9.8, P Ͻ 0.01]. Overall, the percent CSϩ intakes were higher in the WT mice than the DoKO mice [95% vs. 75%, F(1,24) ϭ 6.3, P Ͻ 0.05].
Analysis of the training and test data for sex effects revealed no significant differences between male and female mice in either group. Experiment 3B. Prior to the choice tests, the DoKO and WT groups consumed similar amounts of water (9.2 vs. 8.7 g/day) and increased their fluid intakes substantially when given Intralipid (Fig. 4) . Overall, the WT mice consumed significantly more fat than did the DoKO mice in the 3.2% and 6.4% tests [ Total intake (oral ϩ IG infusion, Ϯ SE) on CSϩ and CSϪ one-bottle training days and two-bottle tests of the GPR40/120 DoKO and WT groups. During training and the reinforced (Rein) test, intake of the CSϩ was paired with IG self-infusion of 6.4% Intralipid. During the nonreinforced test (NR), the intake of CSϩ was paired with IG self-infusion of water. The CSϪ was always paired with IG water self-infusions. The onebottle data are based on 3-day averages, and the two-bottle data are based on 2-day averages. The dashed line represents the mean total water intake (oral ϩ IG) during the 2 days prior to one-bottle training. Number atop bar represents mean percent preference for the CSϩ solution. *Significant differences (P Ͻ 0.05) between CSϩ and CSϪ intakes.
EXPERIMENT 4: ORAL FAT PREFERENCES IN GPR40 KO, GPR120 KO AND GPR40/120 DOKO MICE
In experiment 3, the GPR40/120 DoKO mice did not differ from WT mice in their preferences for 3.2% and 6.4% Intralipid vs. water. We next determined whether naïve GPR40/120 DoKO, as well as naïve GPR40 KO and GPR120 KO mice would display attenuated Intralipid preferences and intakes in 24-h Intralipid vs. water tests that included low to high concentrations (0.313-20%) or very low to mid-range concentrations (0.001-3%).
Materials and Methods
Experiment 4A. Naïve GPR40 KO (8 male, 6 female), GPR120 KO (5 male, 6 female), GPR40/120 DoKO (6 male, 6 female), and WT (8 male, 8 female) mice were singly housed in standard tub cages with ad libitum access to food and water for 6 days. They were then given a series of two-bottle preference tests with Intralipid concentrations of 0.313, 6.25, 1.25, 2.5, 5, 10, and 20%. Each concentration was presented for 2 days in an ascending order, and the left-right positions of the bottles were alternated daily. The Intralipid was prepared fresh each day by diluting 20% Intralipid stock with deionized water.
Experiment 4B. Naïve GPR40 KO (5 male, 5 female), GPR120 KO (7 male, 7 female), GPR40/120 DoKO Specifically, the GPR40/120 DoKO mice consumed less 1.25% Intralipid than the GPR120 mice, and less 2.5% and 5% Intralipid than did all other groups (Fig. 5) . With respect to fat energy intakes, there were also group differences as a function of concentration [group ϫ concentration interaction, F(18, 294) ϭ 8.2, P Ͻ 0.001]. In this case, the GPR40/120 DoKO mice consumed fewer Intralipid calories than did the other groups at 2.5-20% concentrations (Fig. 5) . In contrast to these findings, analysis of percent Intralipid intakes revealed no group differences but only an effect of concentration [F(6,294) ϭ 63.5, P Ͻ 0.0001]. The KO, DoKO, and WT groups consumed more of each Intralipid concentration than water. There were no sex differences in Intralipid intake or preference.
Experiment 4B. Analysis of the Intralipid intake data revealed that the GPR120 KO mice consumed significantly more (P Ͻ 0.05) 3% Intralipid than did the other groups [group ϫ concentration interaction F(21, 364) ϭ 24.7, P Ͻ 0.001] (Fig.  6 ). There were no group differences in Intralipid preferences (Fig. 6) . All groups were indifferent to Intralipid at 0.001-0.1% concentrations and preferred 0.3% and higher concentrations to water. Overall, female mice consumed slightly more Intralipid than male mice in grams [8.6 vs . 8.0 g, F(1,48) 
General Discussion
The present study demonstrates that genetic deletion of GPR40 and GPR120 fatty acid sensors significantly impairs the postoral intake stimulation and flavor conditioning effects of dietary fat. GPR40/120 DoKO mice showed the greatest def- icit, which indicates that both fatty acid sensors contribute to postoral fat appetition. The DoKO mice also underconsumed Intralipid in oral intake tests but like GPR40 and GPR120 KO mice, showed normal preferences for Intralipid over water. Thus GPR40 and GPR120 sensors have a critical role in the postoral but not oral mediation of fat preference. The IG Intralipid infusions stimulated 1-h CSϩ licking in all groups but less so in the KO groups. The GPR120 KO, GPR40 KO, and GPR40/120 DoKO mice displayed similar reductions (18 -22%), relative to WT mice, in their one-bottle CSϩ licking response, but dissimilar CSϩ preferences in two-bottle tests (80%, 72%, and 58%). This indicates that the preference deficits were not simply due to reduced CSϩ training intakes. Conceivably, the postoral actions of fat may generate separate "appetition" signals that stimulate intake and condition flavor preferences (26) . Alternatively, a common appetition signal is generated but the intake stimulation and conditioned preference responses are differentially sensitive to this signal; this remains to be determined.
While the DoKO mice displayed only a weak CSϩ preference when trained and tested 1 h/day, they showed a more substantial ϳ75% CSϩ preference when trained and tested 24 h/day. Nevertheless, their preference was significantly less than that of the WT mice (ϳ95%). In addition, they consumed less CSϩ during one-bottle training days than did the WT mice. The reduced CSϩ intake of the DoKO mice was associated with smaller and less frequent CSϩ bouts relative to that of the WT mice. Consistent with prior findings (31, 33) , the WT mice consumed significantly more CSϩ than CSϪ on one-bottle training days, due to a 41% increase in mean bout size and 12% increase in bout number. Thus, in WT mice IG fat infusions have a potent feeding stimulatory effect in short (1 h), as well as long (24 h) test situations and under both food-restricted and food ad libitum conditions. Experiments 2 and 3 differed in the CS flavors used and deprivation state, so session length may not be the only factor that contributed to the enhanced conditioning displayed by the DoKO mice in the third experiment. Other findings show, however, that increasing session length alone is sufficient to enhance conditioning. We reported, for example, that B6 mice displayed no preference (52%) for a CSϩ paired with 1-h IG infusions of 4% glucose, but a 70% preference for the same CSϩ when the training/test sessions were extended to 20 h/day, while the animals remained food-restricted (39) . Thus, a minimally effective nutrient infusion (4% glucose in WT mice, 6.4% Intralipid in DoKO mice) can condition a moderate preference with long sessions. This may occur because the mice experience multiple training sessions, i.e., initiate multiple CSϩ drinking bouts, in long sessions that generate repeated postoral nutrient appetition signals.
When given oral tests with 3.2% and 6.4% Intralipid vs. water in Experiment 3B, the DoKO mice consumed less Intralipid than did the WT mice, just as they consumed less CSϩ paired with IG Intralipid in experiment 3A. Yet the DoKO mice displayed 96 -98% preferences for Intralipid over water but only a 76% preference for the CSϩ over the CSϪ. Given the reduced oleic and linoleic fatty acid preferences displayed by GPR40 KO and GPR120 KO mice (6), DoKO mice would be expected to show reduced fat preferences. To determine whether naïve KO and DoKO mice show attenuated fat preferences at other concentrations, we tested their response to a wide range of Intralipid concentrations (0.001-20%). The preference-concentration response curves of the GPR40 KO, GPR120 KO, and GPR40/120 DoKO mice were essentially identical to those of the WT mice, and all groups had an Intralipid preference threshold of 0.3%. Thus, GPR40 and GPR120 fatty acid sensors are not required for normal Intralipid preferences over water. Yet, the GPR40/120 DoKO mice, but not the single KO mice, consumed less Intralipid than did WT mice at 2.5-20% concentrations. At the 2.5-10% concentrations, this cannot be attributed to compromised postoral processing of the ingested soybean oil because the DoKO mice increased their oil intake when offered 20% Intralipid. Instead, the reduced Intralipid intakes of the DoKO mice may reflect their impaired postoral appetition response to the fat. That is, the flavor of 2.5-20% Intralipid may be sufficient to produce near-total preferences for the oil over water but the postoral actions of Intralipid may stimulate 24-h fat consumption only in mice with intact GPR40/120 sensing. Why GPR40 and GPR120 KO mice display attenuated preferences for fatty acids (oleic acid, linoleic acid) (6) but normal preferences for Intralipid remains to be determined. Note that a recent report indicates that nonlipid agonists of GPR40 and GPR120 do not support preferences in B6 mice (12) .
In contrast to GPR40 KO and GPR120 KO mice, CD36 KO mice show deficits in oil preferences (soybean oil), as well as fatty acid preferences, in oral tests vs. water (31) . However, after experience with nutritive oils, CD36 KO mice, like WT mice, display near total preferences for soybean oil and Intralipid over a wide range of concentrations (31) . CD36 KO mice also differ from GPR40/120 DoKO mice in their postoral conditioning response to Intralipid. That is, in 24 h/day training and test sessions, CD36 KO mice consumed more of a CSϩ paired with IG 5% Intralipid infusions than of the water-paired CSϪ during one-bottle training and displayed a near-total preference (99%) for a CSϩ in two-bottle tests (31) . This compares with the preference of only 76% displayed by the DoKO mice in experiment 3A. Taken together, these findings suggest that CD36 is more critical for oral fat preferences, while GPR40 and GPR120 are more critical for postoral fat-conditioned preferences. CD36 KO and GPR40/120 DoKO mice are similar, however, in that they both underconsumed 2.5-20% Intralipid (in kilocalories), compared with WT controls (31). Our finding suggests that intestinal GPR40 and GPR120 fatty acid sensors have critical roles in postoral intake stimulation and preference conditioning by dietary fat. Both fatty acid sensors are expressed in intestinal enteroendocrine cells where they are implicated in the fatty acid stimulation of gut hormones, including GLP-1, GIP, and CCK (3). These hormones are not known to promote feeding; in fact GLP-1 and CCK inhibit food intake (25) , so it would appear unlikely that they are responsible for the stimulation of intake produced by IG Intralipid infusions in mice. Ghrelin is the only orexigenic gut hormone identified to date but ingested fat suppresses ghrelin secretion through its effects on GPR120 (19) . Thus, how stimulation of GPR40 and GPR120 fatty acid sensors promotes postoral fat appetition remains to be identified. Also unknown is the fatty acid sensor responsible for the residual fat appetition displayed by GPR40/GPR120 DoKO mice. Conceivably, intestinal CD36 sensors, while not needed to produce fat appetition in the presence of GPR40 and GPR120 (31) , may serve this function in the absence of the G protein sensors. Alternatively, postabsorptive fat sensing may mediate the limited appetition response of GPR40/120 DoKO mice (7).
Perspectives and Significance
The discovery that the same taste/nutrient receptors found in the mouth also exist in the gut has prompted renewed interest in the role of these receptors in the control of appetite and food intake (e.g., 2, 8, 10, 13, 14, 34, 36) . The general view has been that nutrient sensing in the mouth promotes appetite, whereas gut sensing is responsible for inhibiting appetite by activating satiating/satiety circuits (30) . However, there is extensive evidence in rodents that nutrients in the gut can also stimulate appetite and condition preferences (37, 39) . In particular, the present and other mouse studies demonstrate that gastric sugar or fat self-infusions can stimulate CSϩ intake within the very first 1-h session (37, 39) . Even with animals given unlimited access to chow diets, IG self-infusions of sugar and fat can stimulate the 24-h intake of CSϩ solutions (30) . Recent findings suggest that gut glucose transporters/sensors mediate postoral sugar appetition (38) , and the present study suggests that gut GPR40 and GPR120 fatty acid sensors are largely responsible for fat-induced appetite stimulation. The gut-brain pathway that mediates this response is uncertain (30) , and further study of GPR40/120 DoKO mice may be useful in this regard.
High-fat and high-sugar foods are widely thought to promote overeating and obesity in humans. The attractiveness of such foods is assumed to be due to their palatable flavors, but the present and prior findings with rodents suggests the possibility that postoral nutrient appetition may also be a factor. Fatconditioned flavor preferences have been reported in humans (5, 15, 16) . However, the relative importance of postoral nutrient conditioning vs. orosensory, environmental, and cognitive factors in human feeding is uncertain (4, 35) . The identification of gut nutrient sensors that mediate postoral appetition in rodents may lead to further understanding of the role of gut nutrient sensing in human appetite, as well as perhaps new treatment strategies for nutrition-related disorders.
